Abstract: Antimicrobial features of acetone, methanol and aqueous extracts of lichens of Cladonia furcata, Parmelia caperata, Parmelia pertusa, Hypogymnia physodes and Umbilicaria polyphylla were investigated by two different methods at the same time. Testing of antimicrobial activities of extracts from five species of lichens was performed by disc diffusion test in relation to Gram-positive and Gram-negative bacteria and fungal organisms, and through determination of minimal inhibitory concentration (MIC) by Broth Tube Dilution method. The obtained results indicated that acetone and methanol extracts of all investigated lichens in different concentrations manifested selective antibacterial and antifungal activity. That activity was more evident in relation to Gram-positive, than Gram-negative bacteria and fungal organisms. Acetone and methanol extracts of lichens Parmelia pertusa, Hypogymnia physodes and Umbilicaria polyphylla inhibited the growth of all tested microorganisms, most of all of lichens Cladonia furcata and Parmelia caperata. Although, the methanol extracts were generally the most active against the test organisms, the lowest MIC value was measured for acetone extract of species Cladonia furcata 0.39 mg/mL in relation to bacterium Bacillus subtilis. Aqueous extracts of investigated lichens were inactive against all tested organisms.
Introduction
Lichens are symbiotic organisms composed of a fungal partner (mycobiont) in association with one or more photosynthetic partners (photobiont). The photobiont can be green algae, cyanobacteria, or both (Nash 1996) . They commonly grow on rock surfaces, poorly developed soils such as those found in arid lands and borealarctic regions and as epiphytes on trees and shrubs (Taylor et al. 1995) . The lichen flora is rather poor in the vicinity of industrial areas and big cities (Hegnauer 1962) , as lichens are very sensitive to various air pollutions. These organisms are even used as air pollution monitors (Jezeirski et al. 1999) . Lichens are an important food for many animals, including man (Richardson 1991) . They are used in production of alcohol, perfume industry and drugs in popular medicine (Vartia 1973; Richardson 1988) . Many different bioactive secondary metabolites have also been isolated from lichen species (Huneck & Yoshimura 1996; Huneck 1999) , which have been used in pharmaceutical sciences (Müller 2001) . The lichen-forming fungi produce antibiotic secondary metabolites and provide protection from most animals and pathogenic microorganisms (Lawrey 1986; 1989) . Lichens synthesise numerous secondary metabolites, which comprise aliphatic, aromatic and terpenoic halogenated components (Huneck & Yoshimura 1996) . It has been suggested that lichen metabolites protect these organisms from herbivores (Lawrey 1989; Gauslaa 2004) . Lichen metabolites demonstrated toxicity and feeding deterrence to insect larvae (Emmerich et al. 1993) or nematocidal activity on larvae (Ahad et al. 1991) . It has also been suggested that sequestered lichen compounds in insects may be utilized for chemical defence (Hesbacher et al. 1995) . As certain phenol compounds produced by lichens strongly absorb UVB light, these agents are used as photoprotectors (Fernandez et al. 1996) , and their antioxidant capacity (Hidalgo et al. 1994) warrants their use as preservatives in cosmetic creams. Several lichen extracts have been used for various remedies in folk medicine, and screening tests with lichens have shown the frequent occurrence of metabolites with antibiotic, antimycobacterial, antiviral, antitumor, analgesic and antipyretic properties (Vartia 1973; Crittenden & Porter 1991; Gollapudi et al. 1994; Huneck 1999; Müller 2001; ) . Because of marked antimicrobial activity of secondary metabolites, lichens, macrofungi, and vascular plants attract great attention 54 B. Ranković et al.
of investigators as new significant sources of bioactive substances (Mitscher et al. 1987; Ingólfsdottir et al. 1997; Hostettman et al. 1997; Karaman et al. 2003) . In accordance with these facts, for the first time, in this study, the antimicrobial activity of acetone, methanol and aqueous extracts of five different species of lichens Cladonia furcata, Parmelia caperata, Parmelia pertusa, Hypogymnia physodes and Umbilicaria polyphylla were investigated in vitro in relation to test microorganisms, where some of them promote diseases in humans, animals and plants, and even produce toxins and provoke food deterioration.
Material and methods

Lichen samples
Samples of the lichens Cladonia furcata (Huds.) Schrad., Parmelia caperata (L.) Ach., Parmelia pertusa (Hoffm.) Mass., Hypogymnia physodes (L.) Nyl., and Umbilicaria polyphylla (L.) Baumg. were collected on Mt. Kopaonik during the summer of 2006. The demonstration samples are preserved in facilities of the Department of Biology and Ecology of Kragujevac University's Faculty of Science. Determination of the investigated lichens was accomplished using standard keys (Purvis et al. 1992; Wirth 1995; Dobson 2000; Poelt & Vezda 1981) . (Torlak, Belgrade) . Fungal cultures were maintained on potato dextrose agar and Sabourad dextrose agar (Torlak, Belgrade). All cultures were stored at 4
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• C and subcultured every 15 days.
Preparation of lichen extracts
Three solvents (water, methyl alcohol and acetone) were used to extract lichens. To obtain aqueous extracts, dried lichen thalli (50 g of material from each species, separately) were grinded to a particle size of <2.5 mm and flushed with distilled water. Extraction was performed in a Soxhlet extractor at 80
• C for 7 h. The extract obtained was filtered through Whatman No. 1 filter paper and evaporated in a water bath at 80
• C until dry material was obtained. Dry extract was obtained in a quantity of 2.1 g (Cladonia furcata); 3.5 g (Parmelia caperata); 4.2 g (Parmelia pertusa); 5.3 g (Hypogymnia physodes) and 2.7 g (Umbilicaria polyphylla).
Acetone extracts: powdered lichens (50 g) were extracted with 250 mL of acetone using the Soxhlet extractor for 7 h at a temperature lower than the boiling point (56.2
• C). The acetone extracts were filtered using Whatman No. 1 filter paper. The extracts obtained were evaporated on a rotary vacuum evaporator until a solid concentrate was recovered. Dry extract was obtained in a quantity of 1.8 g (Cladonia furcata); 2.3 g (Parmelia caperata); 3.2 g (Parmelia pertusa); 3.6 g (Hypogymnia physodes) and 2.2 g (Umbilicaria polyphylla).
Methanol extracts: powdered lichens (50 g) were extracted with 250 mL of methanol using the Soxhlet extractor for 7 h at a temperature lower than the boiling point (Lin et al. 1999) . The methanolic extracts were filtered using Whatman filter (No. 1) and then concentrated in vacuum at 40
• C using a Rotary Evaporator. Dry extract was obtained in a quantity of 2.4 g (Cladonia furcata); 2.4 g (Parmelia caperata); 5.7 g (Parmelia pertusa); 7.5 g (Hypogymnia physodes) and 3.1 g (Umbilicaria polyphylla).
The extracts were further dissolved in dimethyl sulfoxide (DMSO) for the disk diffusion test, and minimal inhibitory concentrations (MIC) were determined by making a series of dilutions in an appropriate substrate ranging from 0.05 to 50 mg/mL. The final concentration of DMSO did not exceed 2%.
Cladonia furcata contains the "lichen substances" atranorin and fumarprotocetraric acid (Walker & Lintott 1997) . Extract of the lichens Parmelia caperata contains atranorin and protocetraric acid (Culberson 1969) . Parmelia pertusa contains the "lichen substances" atranorin and salazinic acid (Culberson 1969) , Hypogymnia physodes contains atranorin, physodalic acid and physodic acid (Culberson 1969) , while Umbilicaria polyphylla contains gyrophoric acid and umbilicaric acid (Culberson 1969) .
Antimicrobial assays
The sensitivity of microorganisms to acetone, methanol, and aqueous extracts of the investigated species of lichens was tested by measuring the zone of inhibition of a given concentration of the extract by the disk-diffusion method and by determining the minimal inhibitory concentration (MIC).
Bacterial inoculi were obtained from bacterial cultures incubated for 24 h at 37
• C on Mueller-Hinton agar substrate and diluted to approximately 10 8 CFU/mL, according to the 0.5 McFarland standard. Suspensions of fungal spores were prepared from fresh mature (3 to 7 days old) cultures that grew at 30
• C on a PDA substrate. Spores were rinsed with sterile distilled water, in order to determine turbidity spectrophotometrically at 530 nm, and then further diluted to approximately 10 6 CFU/mL according to the procedure recommended by the NCCLS (National Committee for Clinical Laboratory Standards, M38-P, 1998).
The standard disk-diffusion method (NCCLS 1993) was used to study antimicrobial activity.
The appropriate inoculum was seeded in MuellerHinton agar (for bacteria) or SD agar (for fungi) in Petri dishes. Paper disks (7 mm in diameter) were laid on the inoculated substrate after being soaked with 15 µL of lichen extract at a concentration of 50 mg/mL. Antimicrobial activity was determined by measuring the diameter of the zone of inhibition around the disk. As a positive control of growth inhibition, streptomycin was used in the case of bacteria, ketoconazole in the case of fungi. A DMSO solution was used as a negative control of the influence of solvents. All experiments were performed in duplicate. The minimal inhibitory concentration (MIC) was determined by the broth tube dilution method. A series of dilutions with concentrations ranging from 50 to 0.15 mg/mL was used in the experiment with each extract for every microorganism tested. The starting solutions of extracts with a concentration of 50 mg/mL were obtained by measuring off a certain quantity of extract and dissolving it in DMSO. Twofold dilutions of extracts were prepared in MuellerHinton bullion for bacterial cultures and SD bullion for fungal cultures in test tubes. The boundary dilutions without any visible growth was defined as the minimal inhibitory concentration (MIC) for the tested microorganism at the given lichen extract concentration. As a positive control of growth inhibition, streptomycin was used in the case of bacteria, ketoconazole in the case of fungi. Negative control of solvent influence was realized parallelly. All experiments were performed in duplicate.
Results
The antimicrobial activity of aqueous, acetone and methanol extracts of lichens Cladonia furcata, Parmelia caperata, Parmelia pertusa, Hypogymnia physodes, and Umbilicaria polyphylla against the tested microorganisms was estimated on the basis of the presence or absence of inhibitory zones, their diameters, and values of the MIC. Antibacterial activity of lichen's extracts is shown in Table 1 , and antifungal activity in Table 2 .
Antibacterial activity of extracts of the lichen Cladonia furcata was manifested by the acetone and methanol extracts. They inhibited all of the tested species of bacteria except Escherichia coli, which turned out to be resistant. The minimal inhibitory concentrations were in the range from 0.39 to 6.25 mg/mL of extract in relation to the bacteria tested. The acetone extract showed maximal activity in relation to Bacillus subtilis. Extracts of this lichen acted selectively on the fungi tested. Antifungal activity was manifested against eight of the 10 fungal species tested. The MIC fluctuated in a range of 6.25-25 mg/mL of extract. The aqueous extract manifested neither antibacterial nor antifungal activity.
The aqueous extract of the lichen Parmelia caperata had no antimicrobial activity, while its acetone and methanol extracts inhibited the majority of organisms tested. The acetone and methanol extracts acted inhibitory on all species of bacteria except Escherichia coli, which was resistant. The weakest activity was manifested by extracts of the lichen Parmelia caperata, especially by its acetone extract, which inhibited the tested bacteria at a concentration of 25 mg/mL. The extracts had a selective impact on fungi. The acetone extract inhibited six of the species tested, while the methanol extract inhibited nine. The acetone and methanol extract of Parmelia pertusa had strong antimicrobial activity, inhibiting all of the bacteria tested, with zones of inhibition comparable to those obtained with the streptomycin standard. The acetone extract had the largest zones of inhibition, which were especially large in the cases of Bacillus mycoides (27 mm in diameter), Bacillus subtilis (26 mm), and Enterobacter cloaceae (24 mm).Values of the MIC fluctuated in the range of 0.78-6.25 mg/mL. The methanol and acetone extracts strongly inhibited all of the tested fungal species. The MIC was the lowest (0.78 mg/mL of extract) for Candida albicans and the highest (12.5 ml/mL) for Paecilomyces variotii, Penicillium verucosum, and Penicillium purpurescens. The aqueous extract of the lichen Parmelia pertusa had no antimicrobial activity.
Extracts of the lichen Hypoyimnia physodes manifested relatively strong antimicrobial activity. Its acetone and methanol extracts acted on all of the bacteria 
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3.9 34 3.9 39 1.95 40 1.95 35 3.9 17 31.25 40 1.95 38 3.9 36 3.9 18 7.81 and fungi tested. Values of the MIC ranged from 1.56 for the acetone and methanol extract for the bacteria Enterobacter cloaceae, and Klebsiella pneumoniae, to 25 mg/mL for Escherichia coli, and Bacilus subtilis. In relation to the fungi tested, values of the MIC ranged from 1.56 mg/mL of extract for Candida albicans to 25 mg/mL of acetone extract for Aspergillus flavus. The aqueous extract of the lichen Hypogimnia physodes had no antimicrobial activity. The acetone and methanol extracts of the lichen Umbilicaria polyphylla exerted strong antimicrobial action on all bacteria and fungi tested. Values of the MIC for acetone and methanol extracts of the Umbilicaria polyphylla ranged from 0.78 to 6.25 mg/mL of extract in relation to the bacteria tested and from 1.56 to 12.5 mg/mL of extract in relation to the fungi.
As a negative control, DMSO in applied concentration of lichen extract solvent had no inhibiting effect on the tested organisms. Used as a positive control, streptomycin inhibited the growth of all of the bacteria tested, while ketoconazole inhibited growth of the fungi.
Discussion
The results obtained in this study indicate differences in antimicrobial activity between extracts depending on the species of lichen and as a function of the type of extracting solvent. Similar differences were observed by other authors (Madamombe & Afolajan 2003; Turk et al. 2003; Yilmaz et al. 2005; Ranković et al. 2007 ). These results are in agreement with the suggestion of Oloke & Kolawole (1998) , that bioactive components of any medical plant have different solubility in different extracting solvents.
Aqueous extracts manifest no activity in relation to the microorganisms tested. Land & Lundström (1998) reported that aqueous extracts of the lichen Nephroma articum have no antifungal effects. Madamombe & Afolajan (2003) found lower antimicrobial activity of aqueous extracts in comparison with acetone extracts of the lichen Usnea barbata against the tested species of bacteria and fungi. The reason for weak activity of aqueous extracts is that active substances present in the thalli of lichens are insoluble or poorly soluble in water (Kinoshita et al. 1994) .
Extracts of the lichens Parmelia pertusa, Hypogymnia physodes, and Umbilicaria polyphylla manifested approximately the same inhibitory activity against the tested microorganisms, but their methanol extracts exerted stronger inhibitory action than their acetone extracts. Bacteria of the species Escherichia coli had the greatest resistance to the investigated lichen extracts. The most sensitive bacteria were Bacillus mucoides, and Bacillus subtilis. In general, Gramnegative bacteria were more resistant than Grampositive ones. The difference of sensitivity between Gram-positive and Gram-negative bacteria can be ascribed to morphological differences between these microorganisms, above all to differences in permeability of the cell wall (Nostro et al. 2000) .
In investigations of the antimicrobial activity of lichen extracts conducted by other authors, there are both similarities and differences in comparison with our results. Halama & van Haluwin (2004) obtained similar results in studying the antifungal activity of lichen extracts (including extracts of the species Hypogymnia physodes) against phytopathogenic fungi. Gulluce et al. (2006) found that a methanol extract of the lichen Parmelia saxatilis had stronger antibacterial than antifungal activity. Canden et al. (2006) established antimicrobial activity for different extracts of the lichen Xanthoparmelia pokorny against bacteria and yeasts, but not against filamentous fungi. On the other hand, Shahi et al. (2003) found that extracts of the species Parmelia cirlatum manifest strong antifungal activity in relation to filamentous fungi. Our results indicate that the methanol extract of the species Umbilicaria polyphylla manifested the strongest antimicrobial activity. It inhibited all organisms tested. Also, earlier investigations of the antimicrobial activity of methanol extracts of the related species Umbilicaria nylanderina showed strong antimicrobial activity (Gulluce et al. 2006) . This is the first study about antimicrobial activity of acetone, methanol and aqueous extracts of the lichens Cladonia furcata, Parmelia caperata, Parmelia pertusa, Hypogymnia physodes and Umbilicaria polyphylla.
These similarities and differences in the antimicrobial activity of extracts of different species of lichens are probably a consequence of the presence of different components with antimicrobial activity. Our results indicate that the investigated extracts manifested strong, but varying antimicrobial activity. This suggests the expedience of isolation of the active components from different extracts of the investigated lichens for possible use in treating many diseases caused by microorganisms.
